A recent study by Forceville and colleagues evaluated the effect of high-dose selenium administration as a treatment for septic shock. The study was negative and conflicts with existing clinical data regarding selenium administration in critically ill patients. Perhaps the key to understanding the differences between these discrepant observations lies in considering the dose and timing of selenium administration.
Selenium is an essential nutrient for all mammalian species, and in this issue of Critical Care Forceville and colleagues [1] evaluated the effect of high-dose selenium administration as a treatment for septic shock. Low levels of plasma selenium have been observed in critically ill patients and are associated with increased markers of oxidative stress, worse organ failure, and higher mortality rates [2] . Increasing levels of selenium are correlated with increased glutathione peroxidase, a key endogenous antioxidant defense mechanism [3] . These observations have given rise to several studies providing exogenous selenium, at doses less than 1,000 µg/day, to critically ill patients. Overall, these antioxidant supplementation strategies are associated with a large beneficial mortality effect (risk ratio (RR) 0.69, 95% confidence interval (CI) 0.59 to 0.82) [4] .
However, selenium compounds can also be considered 'prooxidative'. As the authors suggest, the pro-oxidant properties of selenite may be beneficial early in the course of septic shock if they reduce inflammation either by inhibiting the activation of NF-κB or by inducing a pro-apoptotic effect on activated circulating cells [1] . Nevertheless, at some level, the pro-oxidative effect of selenium may become toxic to humans. Their toxicity is thought to be due to the pro-oxidant ability of selenium compounds to catalyze the oxidation of thiols and simultaneously generate superoxide (O 2 -), thus causing a depletion of intracellular glutathione, excessive oxidative stress, and cell death [5] . The toxicity of selenium is clearly dose dependent and varies depending on the type of selenium compound administered [5] .
Forceville and colleagues attempt to take advantage of this dual effect of selenium in treating septic shock by administering a high, pro-oxidant dose (4,000 µg) on study day 1, followed by an antioxidant dose of 1,000 µg/day for an additional 9 days. In a randomized trial of 60 patients with severe sepsis, they were unable to detect any treatment effect of this selenium administration strategy. Why do their findings contradict those of the recent meta-analysis [4], which suggests a large decrease in mortality?
Perhaps the underlying rationale is unsound? At a theoretical level, inducing apoptosis of cells causing a maladaptive inflammatory reaction by means of a pro-oxidative mechanism may be beneficial. However, no evidence of any beneficial anti-inflammatory effect of high-dose selenium is provided, either in the study by Forceville and colleagues or in any other published study of septic patients or in septic animal models. In contrast, inducing apoptosis of beneficial cell lines (such as intestinal epithelial cells) may be harmful. Perhaps a high dose (more than 1,000 µg/day) of selenium increases oxidative stress and leads to glutathione depletion and increased cell death. This dosing strategy may therefore actually be harmful, negating or overwhelming any beneficial effect of a subsequent lower-dose selenium administration. Support for this assertion comes from the fact that the incidence of multiorgan failure in selenium-treated patients in the Forceville study was more than double that of patients in the control group (32% versus 14%, P = 0.09). This large treatment effect lacked statistical significance because of the small sample size, but it should not be ignored.
Commentary

Selenium supplementation in critically ill patients: can too much of a good thing be a bad thing?
Perhaps the timeliness of the study interventions may have affected the study results. On average, the study medications were started 24 hours after admission to the intensive care unit. Thus, more than 50% of patients would have had their study medication started more than 24 hours after the onset of shock. There is some evidence that oxidative stress leading to mitochondrial dysfunction becomes irreversible within 6 to 24 hours after the onset of tissue hypoxia [6, 7] . Thus, for antioxidant strategies to be effective, they must be administered as soon as possible after the onset of shock.
So what is the optimal dose of selenium in critically ill patients in shock? The meta-analysis we published in 2005 suggests that studies using a higher dosing strategy of selenium (more than 500 µg/day) showed a tendency towards a decrease in mortality (RR 0.52, 95% CI 0.24 to 1.14, P = 0.10), whereas studies that used a lower dose did not demonstrate any effect on mortality (RR 1.47, 95% CI 0.20 to 10.78, P = 0.70) [2] . These data have been updated with recent evidence that seems to suggest that the higher the dose, the more likely is a positive treatment effect on mortality (see Figure 1 , which shows that low-dose studies starting at the top are associated with negative or no treatment effect and that the higher-dose studies at the bottom tend towards a positive treatment effect). Building on these data, we recently published the first dosing study of its kind that asked this specific question: What is the optimal dose of selenium and other antioxidants in critically ill patients? We studied a range of doses of selenium from 0 to 800 µg/day in a series of critically ill patients with either septic or cardiogenic shock [8] . We measured the effect of the various doses of selenium and other antioxidants on glutathione, thiobarbiturate acidreducing substrates (TBARS), mitochondrial function, and organ failure. This study was designed as a safety study, and as we escalated the dose of selenium to 800 µg/day we observed no deterioration in organ function. More importantly, we observed greater preservation of glutathione (greater antioxidant capacity), fewer TBARS (less oxidative stress), and improved mitochondrial function.
Our main inference from this dosing-optimizing study was that supplementation with 800 µg of selenium (in combination with other antioxidants) was safe. We are now moving forward with a large-scale multicenter trial of 1,200 patients to evaluate whether such a dose has a positive effect on mortality [9] . The answer to the question posed above will therefore have to wait for the completion of this study, but in the mean time I suggest that doses greater than 1,000 µg/day could be harmful and doses less than 800 µg/day may not be optimal in critically ill patients.
